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http://dx.doi.org/10.1016/j.pedneo.2Background/Purpose: Data on hospital admissions for children under 5 years old, concerning
the admission rate, leading diagnoses, categories of disease, average hospitalization days,
costs and between-year differences are scarce. Our study aims to investigate such admission
profiles.
Methods: Five percent of admission data for children under 5 years old in 2000 and 2009 was
collected from the National Health Insurance Research Database in Taiwan. We calculated the
admission rate in regards to total admission, the patients’ gender, the ten leading diagnoses,
the ten most systemic common categories of disease, and the average hospitalization days and
costs. The differences of the rates between 2000 and 2009 were evaluated by incidence rate
ratios (IRR).
Results: The admission rate per thousand children (population) was higher in 2009 (172.9) than
2000 (153.1). The ten most common systemic categories of disease were similar in both years.
Furthermore, it was observed that the hospitalization days decreased by 3.7% in 2009, while
medical expenditures increased by 10.9%.
Conclusions: Efforts should be made to decrease the admission rate and hospitalization days in
Taiwan to the levels of well-developed countries. Our data may serve as baseline data for
future evaluations of child morbidity.
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222 M.-S. Ku et al1. Introduction assessed. Incidence rate ratio (IRR) with p value and 95%Children under 5 years old are the most vulnerable pop-
ulation in society both because of their inability to
communicate their needs and because of their dependence
on others. Thus, their needs, including health care, require
special attention. Admission data of children under 5 years
old concerning the gender, admission rate, common diag-
noses, hospitalization days, costs and between-year
differences have not been reported in Taiwan and are
scarce worldwide. By analyzing a large set of representa-
tive data from the National Health Insurance Research
Database, we aimed to assemble a profile of young children
admitted to hospitals in Taiwan.
2. Methods
2.1. Data collection
Using the National Health Insurance Research Database
(NHIRD) as our data source, we collected hospitalization
data for children under 5 years old gathered between 2000
and 2009.1 Five percent of the database was used as the
representative sample by random selection.
2.2. Admission rates and the ten major diseases
leading to hospitalization
The database identifies diseases using the International
Classification of Diseases Ninth Revision (ICD-9) diagnostic
codes. Only the first, main diagnosis was included in our
analysis. The total admission rates of total and population
sizes of the different genders were analyzed for years 2000
and 2009. After that, we evaluated; and the ten major
diseases leading to hospitalization were evaluated, too.
The count of hospitalization was “times of admission”. For
example, if there were two hospitalizations for one person,
then two hospitalizations were counted.
2.3. Ten most common systemic categories of
disease
According to the 17 systemic categories of disease from
ICD-9, we select the ten most common categories of
admission disease in year 2000 and 2009. We compared the
admission rate, hospitalization days and costs in different
years. The systemic categories of disease and ICD-9 code
numbers were referenced from the website.2 For example,
injury and poisoning were coded 800e999; respiratory
diseases 460e519; and digestive diseases 520e579.
2.4. Comparing the differences between years
2000 and 2009
Furthermore, total, male, and female admission rates
between different years were compared and their differ-
ences were analyzed. The discrepancy of female-to-male
admission rates was evaluated. The difference of the
admission rates of the ten most common systemic cate-
gories of disease between different years was alsoconfidence interval (CI) were used to compare the differ-
ences. The numerator is the number of admissions and the
denominator is the number of children under 5 years old.
2.5. Statistical analysis
All data were processed using SAS version 9.1 for Windows
(SAS Institute, Inc. Cary, NC, USA). We used standard
methods for analyzing contingency tables.
To determine the differences of total admission rates in
total as well as that of the different genders, we took into
account the differences of hospitalization rates of the ten
most common systemic categories of disease between 2000
and 2009, the incidence rate ratios (IRR) and 95% confi-
dence intervals (CI) were calculated; and year 2000 was
used as the reference group. The t-test was used for
differences in the number of admissions in the ten most
common systemic categories of disease between year 2000
and 2009. To determine the differences in hospitalization
rates between genders in 2000 and 2009, males were used
as the reference group.
The Stata package (Stata 10.0) was used for the statis-
tical analysis. All p values of less than 0.05 indicated
statistical significance.3. Results3.1. Hospitalization profiles of children under 5
years old
Based on the 5% sampling from the NHIRD, the estimated
number of admissions for all ages in 2000 was 2,690,900,
and 3,145,200 in 2009. The estimated number of admissions
of children under 5 years old was 277,900 in 2000, and
211,140 in 2009. Five percent of the child hospitalization
data were analyzed (Table 1). In total admissions of all
ages, the rate of children under 5 years old was 10.3% in
2000, and 6.7% in 2009. In total pediatric admissions (chil-
dren under 18 y/o), the rate of children under 5 years old
was 65.6 % in 2000, and 59.0% in 2009. Thus, those under 5
years old constituted the major admission age group in
pediatric admissions in both sets of data.
We analyzed the hospital utilization of children under 5
years old, defined as the admission times per thousand
children population of the same age per annum (Table 1). In
2000, the rate was 153.1 per thousand children, and 172.9
in 2009. Compared with 2000, there was a 12.9% increase of
annual admission rate in 2009 (the number of males
increased 5.5%% and females 23.7%).
3.2. Ten major diseases leading to hospitalization
The ten most common diagnoses leading to hospitalization
in children under 5 years old are shown in Table 2. The first
and second most common diagnoses in 2000 and 2009 were
“bronchopneumonia, organism unspecified (ICD9 485)” and
“other and unspecified noninfectious gastroenteritis and
colitis (ICD9 558.9)”. The other diseases were those
Table 1 Analysis of admission profiles for children under 5 years old: 2000 and 2009, 5% of number of admissions.
Rate of admissions
in children*, n / N* (%)
Rate of total
admissionsy, n / Ny (%)
Rate of admission per
thousand children under 5 y/o
2000
Total 13,895/21,183 (65.6) 13,895/134,545 (10.3) 153.1
Male 8,174/12,353 (66.1) 8,174/67,744 (12.0) 172.9
Female 5,706/8,800 (64.8) 5,706/65,682 (8.7) 131.3
2009
Total 10,557/17,877 (59.0) 10,557/157,260 (6.7) 172.9
Male 5,822/10,009 (58.2) 5,822/80,406 (7.2) 182.5
Female 4,735/7,868 (60.2) 4,735/76,854 (6.2) 162.4
* Admission in children: admission times of children under 18 y/o.
y Total admissions: admission times of all ages.
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herpangina, and acute tonsillitis.
3.3. Hospitalization due to the ten most common
systemic categories of diseases in children under
5 years old
The ten most common systemic categories of disease,
admission rates and rank in year 2000 and 2009 are pre-
sented in Table 3. The first, second and third most common
diseases were respiratory, infectious and digestive systemic
disease, respectively in both years. The rank and rate of
genitourinary disease increased from 2000 to 2009, in rank
from 7 to 4, and in rate from 3.4% to 5.0%. Although the
rank of injury/poisoning decreased only from 9 in the year
2000 to 10 in the year 2009, the admission rates decreased
dramatically, from 2.9% to 1.9%. The orders and rates of
newborn disease, such as perinatal disease (rank 4 to 5,
rate 9.7% to 3.8%) and congenital anomalies (rank 5 to 8,
rate 4.1% to 2.4%) decreased in year 2000 to year 2009.
The average hospitalization days and medical expendi-
tures for the tenmost common systemic categories of diseaseTable 2 The ten most common diagnoses leading to admission
Year Order ICD-9 Diagnosis % Y
2000 1 485 Bronchopneumonia,
organism unspecified
9.77 2
2 558.9 Other and unspecified
noninfectious gastroenteritis
and colitis
7.33
3 466.1 Acute bronchiolitis 6.55
4 486 Pneumonia, organism
unspecified
5.64
5 463 Acute tonsillitis 4.27
6 074.0 Herpangina 3.84
7 774.6 Unspecified fetal
and neonatal jaundice
2.50
8 599.0 Urinary tract infection,
site not specified
2.45
9 462 Acute pharyngitis 2.09
10 464.4 Croup syndrome 2.06
ICD-9Z International Classification of Diseases Ninth Revision.in different years are presented in Table 4. The hospitaliza-
tion days were decreased in 2009 (5.2 days in 2009 and 5.4
days in 2000); however, medical expenditures increased
(26,555 New Taiwan Dollars in 2009 and 23,926 in 2000).
Comparing 2009 to 2000, the hospitalization days increased
for respiratory, infectious, and perinatal disease; and
decreased for other diseases. The medical expenditures
increased in almost all diseases except for nervous and skin
diseases. The highest increase of medical expenditure was
noted in newborn disease (increase of 82.0% for perinatal
disease and 50.6% for congenital anomalies). For respiratory
and genitourinary diseases, the increase was more than 30%.
3.4. Differences of admission rates between years
2000 and 2009
The differences of admission rates between 2000 and 2009
are presented in Table 5. The incidence of hospitalization
was 1.13 times higher in 2009 than in 2000 (IRRZ 1.13; 95%
CI 1.10e1.16). Male and female admission rates were
higher in 2009 than in 2000 (male: IRRZ 1.05; 95% CI
1.02e1.09; female IRRZ 1.24; 95% CI 1.19e2.28).of children under 5 years old in 2000 and 2009.
ear Order ICD-9 Diagnosis (ICD-9) %
009 1 485 Bronchopneumonia,
organism unspecified
12.31
2 558.9 Other and unspecified
noninfectious gastroenteritis
and colitis
6.77
3 074.0 Herpangina 6.06
4 486 Pneumonia, organism
unspecified
5.21
5 463 Acute tonsillitis 5.20
6 461.9 Acute sinusitis 4.89
7 599.0 Urinary tract infection,
site not specified
3.63
8 466.0 Acute bronchitis
and bronchiolitis
3.44
9 483.0 Mycoplasma pneumoniae 3.02
10 774.6 Unspecified fetal and
neonatal jaundice
1.83
Table 3 The ten most common systemic diseases in children under 5 years old (admission rate).
Year/Disease Number of admissions (rate of
total admission in children under 5 y/o)
Rate per thousand
children under 5 y/o
Year 2000 n / % (rank) 2009 n / % (rank) 2000 2009
Respiratory disease 5326/38.3 (1) 4806/45.5 (1) 58.7 78.7
Infectious diseases 1802/12.9 (2) 1667/15.8 (2) 19.8 27.3
Digestive disease 1634/11.8 (3) 1193/11.3 (3) 18.0 19.5
Perinatal disease 1348/9.7 (4) 407/3.8 (5) 14.8 6.7
Congenital anomalies 573/4.1 (5) 256/2.4 (8) 6.3 4.2
Symptoms/Signs/Ill-defined conditions 491/3.5 (6) 368/3.5 (6) 5.4 6.0
Genitourinary disease 470/3.4 (7) 531/5.0 (4) 5.2 8.7
Nervous system disease 457/3.3 (8) 294/2.8 (7) 5.0 4.8
Injury/poisoning 411/2.9 (9) 208/1.9 (10) 4.5 3.1
Skin disease 193/1.4 (10) 213/2.0 (9) 2.2 3.5
Categories of systemic disease according to ICD-9 diagnostic codes.
001e139: Infectious and parasitic diseases.
320e389: Diseases of the nervous system and sense organs.
460e519: Diseases of the respiratory system.
520e579: Diseases of the digestive system.
580e629: Diseases of the genitourinary system.
680e709: Diseases of the skin and subcutaneous tissue.
740e759: Congenital anomalies.
760e779: Certain conditions originating in the perinatal period.
780e799: Symptoms, signs, and ill-defined conditions.
800e999: Injury and poisoning.
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presented in Table 5. The female admission rate was 0.76
times (IRRZ 0.76; 95% CI 0.73e0.79) lower than in males in
2000, and 0.89 times lower (IRRZ 0.89; 95% CI 0.86e0.92)
in 2009.
The incidences of the ten most common systemic cate-
gories of disease were compared and are presented in
Table 5. The rates of respiratory, infectious, digestive,
genitourinary and skin disease increased in the year 2009,
with statistical significance. The rate of newborn disease
(perinatal disease and congenital anomalies) decreased in
2009, with statistical significance.Table 4 The top ten most common systemic categories of disea
and medical expenditures).
Year/Disease Average hospitalization days
Year 2000 2009 Differe
Total average 5.4 5.2 3.7%
Respiratory disease 4.2 4.6 þ9.5%
Infectious diseases 4.0 4.1 þ2.5%
Digestive disease 3.4 3.3 2.9%
Perinatal disease 9.9 11.4 þ15.2%
Congenital anomalies 8.2 7.6 7.3%
Symptoms/Signs/Ill-defined
conditions
4.3 4.0 6.9%
Genitourinary disease 5.6 5.4 3.6%
Nervous system disease 5.6 5.0 10.7%
Injury/poisoning 5.8 5.1 12.0%
Skin disease 5.0 4.6 8.0%
Systemic categories of disease according to ICD 9 diagnostic codes.
* Difference between year 2000 and 2009, year 2000 acting as base4. Discussion
Children under 5 years old are vulnerable and require
special attention for their health needs. In addition, the
health problems of children differ from those of adults.3
Therefore, it is necessary to study the morbidity of chil-
dren independently from that of adults. Pediatric hospital
admission represents the most serious condition of child-
hood morbidity. By analyzing the large set of representative
data from the national database, we could study the profile
of hospital admission in young children. A better under-
standing of pediatric hospitalization profiles will allow us tose in children under 5 years old (average hospitalization days
Medical expenditures (New Taiwan Dollars)
nce* 2000 2009 Difference*
23,926 26,555 þ10.9%
11,717 15,731 þ34.2%
11,095 12,619 þ13.7%
13,013 16,624 þ27.7%
59,398 108,099 þ82.0%
84,890 127,845 þ50.6%
15,436 16,260 þ5.3%
16,523 21,965 þ32.9%
26,801 26,752 0.2%
39,047 43,816 þ12.2%
15,379 15,356 0.1%
line.
Table 5 Incidence rate ratios and 95% confidence intervals for children under 5 years old.
Total hospital admissions between different years
Year 2000 (reference) Year 2009, IRR (95% CI) p value
Total 1.00 1.13 (1.10w1.16) 0.00
Male 1.00 1.05 (1.02w1.09) 0.00
Female 1.00 1.24 (1.19w2.28) 0.00
Hospital admission between genders in different years
Male (reference) Female, IRR (95% CI) p value
Year 2000 1.00 0.76 (0.73w0.79) 0.00
Year 2009 1.00 0.89 (0.86w0.92) 0.00
Hospital admissions of ten most common systemic categories of disease
Year 2000 (reference) Year 2009, IRR (95% CI) p value
Respiratory disease 1.00 1.34 (1.29w1.39) 0.00
Infectious diseases 1.00 1.37 (1.29w1.47) 0.00
Digestive disease 1.00 1.08 (1.00w1.16) 0.03
Perinatal disease 1.00 0.45 (0.40w0.50) 0.00
Congenital anomalies 1.00 0.66 (0.57w0.77) 0.00
Symptoms/Signs/Ill-defined conditions 1.00 1.10 (0.97w1.28) 0.12
Genitourinary disease 1.00 1.68 (1.48w1.90) 0.00
Nervous system disease 1.00 0.96 (0.82w1.10) 0.55
Injury and poisoning 1.00 0.75 (0.63w0.89) 0.00
Skin disease 1.00 1.63 (1.34w2.00) 0.00
IRRZ incidence rate ratio; CIZ confidence interval.
Systemic categories of disease according to ICD 9 diagnostic codes.
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to create relevant healthcare strategies.
The National Health Insurance Research Database
(NHIRD) served as the data source. The database contains
healthcare data from more than 95% of all hospitals and
clinics in Taiwan, and more than 95% of the population
receiving health care.4,5 The sampling data were taken
from a random selection of 5% of beneficiaries of the
Bureau of National Health Insurance (BNHI) via the Registry
for Beneficiaries. The BNHI was the sole buyer of health
services and regulated payments for medical care. There
were no significant differences in the means or distributions
of age, gender, medical care expenses, and geography
between the samples and the entire insured population of
23 million. Therefore, our analyzed data provided a good
representative of all hospitalizations, and it accurately
reflects an objective profile of hospitalization and
morbidity of children under 5 years old in Taiwan.
The National Health Insurance in Taiwan was initiated in
1995, and by 1997 it covered more than 95% of the pop-
ulation. The insurance system affects health prevention
activities, clinical behavior and medical treatment of most
people and most medical institutions in Taiwan. By
comparing the difference between 2000 and 2009, we
examined the influence of the insurance program on pedi-
atric health care.
4.1. Hospitalization profile of children under
5 years old
The number of births in Taiwan has been decreasing since
1970, and is expected to continue to decrease at 1e2%annually. There were 292,724 live births in 2000 and
182,599 in 2009 in Taiwan, with 1,814,156 children under 5
years old in 2000 and 1,220,895 in 2009.6 Therefore,
although the admission rates per thousand children
increased in 2009 compared to 2000, the number of
admissions decreased in 2009 compared to 2000 (Table 1).
The admission rate of children under 5 years old in total
admissions of all ages decreased from 10.3% in 2000 to 6.7%
in 2009. The decreasing birth rate may explain why the
number of admissions decreased in 2009. The increased
concern of parents due to improved economic conditions,
having a smaller number of children, and the waste of
medical resources in Taiwan in recent years may explain
the increase in admission rates.
In England, the hospital utilization for children under 5
years old was 84.9 per thousand children population in
1990, and 99.6 per thousand in 1995.7 In Taiwan, the rates
were 153.1 in 2000 and 172.9 in 2009. Although the trend of
an increase in admission rates was noted both in Taiwan
and England, the rate was higher in Taiwan. Efforts should
be made to decrease the admission rate to the level of
well-developed countries.
Between genders, the admission rates were higher in
males than in females in both 2009 and 2000 (Table 5).
However, we found that the difference was less in 2009 (IRR
0.89) than in 2000 (IRR 0.76). Sex discrimination has histor-
ically been prominent in Taiwanese society, with parents
paying more attention to male than female children.
However, this has decreased in recent years, and may
explain why the increase in female admission rate was more
prominent. It may also explain why the difference of
hospital utilization between genders was decreased in 2009.
226 M.-S. Ku et al4.2. Ten major diseases leading to admission
Young infant diseases, such as acute bronchiolitis (ICD9
466.1) and unspecified fetal and neonatal jaundice (ICD9
774.6) were also more frequent in 2000 than in 2009.
Diseases more common of older children such as acute
sinusitis (ICD9 461.9) and acute bronchitis (ICD9 466.0)
were noted in 2009 but not in 2000. The decreasing birth
rate in 2009 compared to 2000 may explain the difference,
because the proportion of newborns and infants decreased
in 2009.
Statistically, pneumonia was the leading cause of
admission for children under 5 years old in both years. The
admission rate for pneumonia per thousand children pop-
ulation increased to 30.6 in 2009 from 23.6 in 2000, which is
different from a study in the United States (year 1997,
2000, 2003, 2006).8 In that study, there was a 22% decrease
in pneumonia admission for children under 1 year of age,
and a minimal change in children 1 to 5 years of age
between 1997 and 2006. In our study, the rate increased in
both children less than 1 year of age and in those 1 to 5
years old. Despite the introduction of heptavalent pneu-
mococcal conjugate vaccine [PCV7] in 2005 in Taiwan, the
rate of pneumonia admission did not decrease in 2008
(after PCV7) in comparison to 2000 (before PCV7). The
association between PCV7 and hospital admission due to
pneumonia requires future evaluation.
4.3. Hospitalization of the ten most common
systemic categories of disease
We found that the admission rate per thousand children
increased 1.13 times in 2009 as compared to 2000 (Table 5).
We further evaluated which categories of disease were the
major causes of the increase of admission. Respiratory,
infectious, genitourinary and skin disease were the major
causes of the increase of admission rates observed in 2009
with an IRR of more than 1.3 (Table 5). Newborn disease
(perinatal disease and congenital anomalies) and injury/
poisoning admission rate decreased obviously; with an IRR
of less than 0.8. Low birth rate may explain the decrease of
newborn disease. Furthermore, parents paying more
attention to their children may explain the decrease of the
injury/poisoning rate. An American study showed that
overall child hospitalization rates had declined, except for
mental illness, from the years 1996 to 2000.9 Therefore, it
is necessary to make an effort to also decrease the
admission rates in Taiwan in the future.
In other countries, gastroenteritis admission rates for
children under 4 years old range from 33.4 to 67 per
thousand children population per year.10 In England, the
rate of respiratory disease in children under 4 years old
ranged from 20.0 to 26.9 (year 1990e1995).11 In the
Netherlands, the rate of respiratory disease was 38.9 in
children under 4 years old (year 2001).12 In our study in
Taiwan, the rates of respiratory disease per thousand
children population per year in children under 5 years old
were 58.7 in 2000 and 78.7 in 2009, both of which are
higher than in the aforementioned countries. For digestive
diseases, the rates were 18.0 in 2000 and 19.5 in
2009dboth lower than those in England.10 Differences inrace, culture, and medical care system may help explain
these differences.
In the respiratory and digestive diseases selected in our
study, many diagnoses, such as asthma ([ICD-9] 493), pneu-
monia (ICD-9 481, 483, 485, 486, 482.2, 482.3), other upper
airway conditions (ICD-9 460, 461, 462, 463, 465, 490, 472,
473, 474466.0), gastroenteritis and dehydration (ICD-9
558.9) were ambulatory care-sensitivemedical conditions.13
Adequate primary care may reduce the need for hospitali-
zation for these diagnoses. However, we found that the rate
of respiratory and digestive diseases increased in 2009 as
compared to 2000. The low birth rate has increased the
amount of attention that parents place on their children’s
health, whichmay in turn explain the increase of ambulatory
care-sensitive medical conditions. On the other hand, the
regression of primary care or the waste of medical resources
may be other possible causes. Future studies are required to
elucidate the exact reasons.
4.4. Hospitalization days and medical expenditures
The result of average hospitalization days and medical
expenditures are presented in Table 4. While the total
average admission days decreased by 3.7% in the year 2009,
figures were 5.4 days in the year 2000 and 5.2 days in the
year 2009. However, when compared with the hospitaliza-
tion days in other countries, the average number of days
recorded in the Taiwan population was larger.14 It appears
that the days were increased mostly because of respiratory
and perinatal disease (which increased by more than 7%).
Thus, it is necessary to make an effort to decrease hospi-
talization days in Taiwan.
The medical expenditures were higher for newborn
disease (more than 50,000 New Taiwan Dollars per admis-
sion). Preterm/low-birth-weight admissions may explain
why the costs were higher for newborn disease, and the
same conditions were noted in other countries.15 The costs
were 10.9 % higher in 2009 than in 2000. The most obvious
increase was noted in newborn disease, as it increased by
82.0% in perinatal disease and by 50.6% in congenital
anomalies. Respiratory, digestive and genitourinary
diseases also increased by more than 25%.
Some limitations to this study must be noted. There were
a lot of different causes for patient visits other than the ten
most common diseases listed in Table 2. Other diseases were
also important but are not shown in the table due to their
lower rates. Only analyzing the principle diagnosis was
another limitation. We only used the first diagnostic code for
our study, and other diagnoses codes were not included.
However, the first code was the major cause of admission,
and we therefore feel that our data are credible.
5. Conclusions
Data (especially information which can describe between-
year comparisons) on hospital admissions for children under
5 years old, concerning the total admission rate, leading
diagnoses, systemic categories of disease, hospitalization
days, and total cost are scarce, and have not been reported
previously in Taiwan. Generally, the data that have been
reported focus on a specific disease such as asthma,16 or
Admission profiles for children under 5 years old 227the data do not compare the rates between different
years.11
Our data were obtained from the National Health
Insurance Research Database (NHIRD). The integrity and
accuracy of our data were therefore better than those from
a questionnaire.17 Our data also reflected the whole
admission profile of a country rather merely detailing local
data.9
In our study, we found that the admission rate per
thousand children population increased in 2009 in
comparison to 2000. Respiratory, infectious, genitourinary
and skin disease contributed to said increase. The hospi-
talization days decreased in 2009, but costs rose by 10.9%.
Respiratory, digestive, genitourinary and newborn diseases
such as perinatal disease and congenital anomalies were
the major causes of the increased medical expenditures,
with an increased of more than 25%. The ten leading diag-
noses of admission between 2000 and 2009 were similar.
Our study may serve to provide baseline data for
admission profiles of children under 5 years old, and may be
helpful in formulating health policies, managing health
services and evaluating interventions.
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